Patients with neurofibromatosis type 1 (NF-1) have rarely been reported to present with intraabdominal tumors including neuroendocrine tumors (NETs) and gastrointestinal stromal tumor (GIST), besides diagnostic features of café au lait macules, axillary or inguinal freckling, optic nerve gliomas, Lisch nodules, or neurofibromas. 1 Specifically, the co-existence of periampullary NET and GIST has been suggested to be an indirect evidence for undisclosed NF-1. Herein, we report a NF-1 patient who presented with a combination of goblet cell carcinoid (GCC), NETs, and neurofibromatosis in the rectum, as well as a GIST in the jejunum.
CASE REPORT
A 46-year-old woman who congenitally had clinical features of NF-1 such as multiple neurofibromas of skin and café au lait macule has suffered from recurrent NETs in rectum since she received an operation for ovarian mucinous cystadenocarcinoma in 2010. The ovarian tumor showed neither recurrence nor distant metastasis during follow-up. She denied all the symptoms indicative of gastrointestinal diseases or carcinoid syndrome. Upon colonoscopy, the rectal mucosa revealed multifocal whitish patches, multiple biopsies from which revealed a coincidental occurrence of GCC, NETs, and neurofibroma. The abdominal computerized tomographic scan incidentally detected a submucosal mass in the jejunum. She underwent a low anterior resection of rectum and a wedge resection of jejunum. During the operation, the appendix was unremarkable by inspection. Grossly, the involved segment of rectum was about 10 cm in length and contained four to five patchy indurated lesions measuring 5.2 × 3.5 cm across in the largest one, which were limited to the mucosa and submucosa. Microscopically, the tumor consisted of small nests of signet-ring-like goblet cells (Fig. 1A, B) , which positively stained with alcian blue pH 2.5 ( Fig. 1C) . Immunohistochemical stains for CD56, synaptophysin (Fig. 1D) , and chromogranin A revealed scattered neuroendocrine cells, leading to the diagnosis of rectal GCC. Adjacent to rectal GCC, there were multifocal minute grade 1 NETs according to the grading system of 2010 World Health Organization (WHO) classification of NETs ( Fig. 2A, B) . 2 Neurofibromatosis in the background of GCC and NETs was confirmed by S-100 protein immunostain (Fig. 2C, D) . The submucosal tumor in the jejunum was composed of bland-looking spindle cells which expressed both c-kit and CD34 by immunohistochemistry, and diagnosed as very low risk GIST (size, 1.0 cm; mitotic count, < 1/50 high power fields) (Fig. 3A, B) . Ten months after the operation, the patient was alive without recurrence or metastasis.
DISCUSSION
Even though GCC has been regarded as a mucin-producing NETs exclusively arising in the appendix, 3 it is unsettled whether GCC should be classified as part of NETs or as variants of adenocarcinoma. The different histogenesis, the relative paucity of neuroendocrine cells, and more aggressive behavior have made GCC look different from NETs. It has been supposed that the dual neuroendocrine and intestinal differentiation in GCC emerge from undifferentiated stem cells at the base of the intestinal crypts, whereas NETs initiate from subepithelial neuroendocrine cells in the mucosa. 4 Moreover, the neuroendocrine cells of GCC are considerably fewer than those of NETs. As GCC has been more aggressive than NETs, adjuvant therapy after resection could be attempted commonly. Nevertheless, the genetic resemblance of GCC to NETs has precluded its being categorized as a subtype of adenocarcinoma. Indeed, GCC had allelic losses of 11q, 16q, or 18q which are frequent in gastrointestinal NETs, whereas KRAS, DPC4, or CTNNB1 mutations signaling for colorectal adenocarcinoma were undiscovered. 5 The co-occurrence of GCC and NETs in this case might also implicate the close oncogenic relationship between them.
The rectum is an unusual site for GCC, and less than 10 cases of GCC arising in the rectum have been reported. 6 Among them, there have been no patients with NF-1 as the present case, while a NF-1 patient with appendiceal GCC was recently described. 7 Somatic inactivation of the NF1 has been the molecular hallmark of NF-1. A recent analysis has demonstrated that unlike sporadic GISTs, NF-1-related GISTs did not have activating mutations of KIT or PDGFRA, but showed somatic inactivation of NF1 more frequently. 8 In addition, the tumor cells of gastric NET in a NF-1 patient showed germline nonsense mutation and loss of heterozygosity of NF1. 9 Therefore, the occurrence of GCC along with NET, GIST and neurofibromatosis in this patient suggest that GCC might be one of NF-1-related tumors, and might have arisen from NF1 gene dysregulation. However, the genetic association between GCC and NF-1 needs to be established further.
Rectal GCC should be differentiated from metastasis of appendiceal GCC and from signet ring cell carcinoma, which usually forms luminal space and is negative for neuroendocrine markers by immunohistochemistry. Although the present patient had ovarian mucinous cystadenocarcinoma, the microscopic features between the tumors of rectum and ovary were obviously different.
In conclusion, for the first time we report rectal GCC arising in a NF-1 patient. This case will contribute to broadening the scope of gastrointestinal tumors, which NF-1 patients can harbor. More data need to be accumulated to determine the biologic characteristics and the optimal treatment strategies for this rare tumor. 
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